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Dear Sir: 



This continued prosecution application has been necessitated in view of new issues raised 
in the current Office action (final rejection) of December 19, 2001, which replaced the earlier 

withdrawn final rejection. 

The Office has explained (page 9 of said current Office action) that because "the 
Examiner erroneously indicated that the use of clamping and linking sequences constituted 
unexpected results", leading applicant to amend the claims accordingly, "the finality of the 
previous Office action has been withdrawn, and a new final rejection (the current Office action), 
addressing issues brought about by the amendment of the specification and claims after the first 
Office action", has been substituted. 

In view of the subsequent heavy foreign and other business travel and related activities of 
both the applicant and counsel, it has taken all of the intervening months for applicant (now 
based in Texas) and counsel (in Boston) to locate and coordinate on further evidence, including 
mislaid publication and other materials, to satisfy the new Office requirement for a showing of 
"unexpected and improved results" attained by the invention over "obvious" variations of the 
Office-proposed combination of applicant's earlier teachings (referred to as "Vijg and Vijg II" by 
the Office). 

Applicant has accordingly been required, in view of the finality of the Office action, to 
file this continuing application with the new evidence residing in his earlier misplaced published 
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paper (a preliminary rough draft of parts of which served as the basis for counsel drafting the 
present application), entitled "A highly accurate, low cost test for BRCA 1 mutations" appearing 
in J Med Genet 1999; 36: 747-753, accepted for publication 21 June, 1999. A copy of this paper 
is herewith annexed. 

The applicant makes this of record to make clear that applicant is not intentionally 
delaying the prosecution of this application by this continuing filing, but that applicant and 
counsel are diligently trying to address and satisfy the new requirements advanced by the Office 
to attain allowance of the application. 

Please amend the parent application, accordingly, as follows: 

Please delete from the substitute specification herein, "SEQ ID NOS 121 and 122" in the 
clamping sequence listings as erroneously inadvertently listed. 

Please totally rewrite claim 10 as follows: 

-10. (Rewritten) A method of detecting mutations in BRCA1 genes comprising providing PCR 
primers capable of amplifying the entire coding sequence of the BRCA1 genes; amplifying a test 
sample containing nucleotide sequences by long distance multiplex PCR with exon fragments 
numbered 10-11, 12-13, 14-17, 18-20, and 21-24, using primer sequences SEQ ID Nos. 37 and 
38, 39 and 40, 41 and 42, 43 and 44, and 45 and 46, respectively, producing a first set of 
amplification products; subjecting this first set of amplification products to short distance 
multiplex PCR to produce a second set of amplification products with exon fragments numbered 
1 1.1 F and R through 1 1.16 F and R, using primer sequence pairs SEQ ID Nos. 47 and 48 
through 77 and 78, respectively, and exon fragments numbered 2 F and R through 10 F and R, 
and 12 F and R through 24 F and R, using primer sequence pairs SEQ ED Nos. 79 and 80 
through 119 and 120, respectively, and with clamping and linking sequences therefor for 
effecting said short distance multiplex PCR; and subjecting the second set of amplification 
products to two-dimensional gel electrophoresis to produce a characteristic spot pattern for a 
specific mutation in the BRCA1 gene.- 

Claim 11, line 2, please cancel "and hMLHl". 

Please withdraw claims 7-9 which are to be presented in a divisional application pursuant 
to the requirement in the parent application for restriction. 
Please amend claim 4 as follows: 



- 4. (Amended) Test kits for enabling BRCAl gene testing comprising the primer pairs listed in 
Table 4 under "PRIMER SEQUENCES" column, mixed in about 20mM of Tris-HCl, 
50mMKCl, 25pM of dNTP and 5% formamide.-- 
Please add the following claims: 
12. The method of claim 10 wherein an eleventh exon fragment has been split 16 times to 
produce said exon fragments numbered 1 1 .1 F and R through 1 1 . 16 F and R. -- 

- 13. The method of claim 10 wherein the primers for respective F and R exon fragments 
numbered2-5, 11.1, 11.2, 11.4-11.6, 11.9, 11.10, 11.12, 11.14, 11.16, 12-18 and 22-24 are each 
clamped by a pair of clamping sequences. ~ 

- 14. The method of claim 10 wherein the primers for respective F and R exon fragments 
numbered 6-10, 11.3, 11.7, 11.8, 11.11, 11.13, 11.15, and 19-21 are each clamped by a single 
clamping sequence. ~ 

Remarks 

The "new matter" reference in paragraph 2 of the current Office action and in the 35 
U.S.C. 132 objection in paragraph 6, has now been cancelled, as required. 

The indefiniteness of claims 4-6 and 10-1 1 has been obviated by the current amendments 
that clarify which primers with SEQ ID NOS 37-46 are paired with particular exon fragments, 
and which primers 47-120 are used with particular exon fragments, and which primers 47-120 
are used with particular exon fragments and the clamping sequence attachments. 
In claim 10, proper antecedent has now been provided. 

It accordingly would appear that the 35 USC 1 12, second paragraph, rejection for 
indefiniteness should now be withdrawn. 
TV^nsr 103 (a) Rejection 

The claims have been rejected, in the absence of evidence of "unexpected and improved- 
results, as the "obvious" combination of the teachings of Vijg and Vijg n, modified "to provide a 
second GC clamp" as applied to detect mutations in the BRCAl gene disclosed in both Liskay et 
al and Park et al; though the Office concedes that "Vijg does not teach testing gene sequences of 
the BRCAl gene". 



Unexpected And Improved Results 

The before-mentioned Vijg et al paper submitted herewith reports that the particular 
specific now-claimed primers with specific sequence numbers paired with particular exon 
fragments, and as applied to the specific BRCA1 gene, not even suggested, let alone disclosed in 
any possible combination of the cited references, has indeed produced "unexpected" and 
"improved" results. 

The relation of this paper to the present application (a draft of which, as before stated, 
served as the basis for drafting the current patent application) may be noted as follows. 

The test procedures for the two-dimensional electrophoresis described for the BRCA1 at 
the bottom of page 4 and on page 5 of the original specification herein, are described on page 749 
of said paper under the title "Two Dimensional Electrophoresis". The earlier PCR primer and 
amplification preparation for both "long-distance PCR" and "multiplex short PCR", including the 
"7-plex" PCR, etc., discussed on pages 3 and 4 of the original specification, are more fully 
detailed at the bottom of page 747 and on pages 748 and 749 of said paper. 

"Figure 1" of the paper (page 748) and "Figure 2" on page 749 are identical respectively 
to the left-hand schematic chart and the right-hand photograph copy of original "Fig. IB" of the 
original application. In view of the Office new comment (advanced for the first time during the 
prosecution of the application) that "the copy of these figures in the specification are unclear, 
especially the photographs" (bottom of page 9 of the current Office action), applicant respectfully 
requests permission to substitute copies of Figures 1 and 2 of the paper, which are clearer, for the 
original copy of Fig. IB, and submits herewith a formal drawing therefor, further requesting 
permission for the use of the photographic copy since such shows much more detail than an 
attempt at a hand-drawn reproduction thereof would disclose. 

Apart from the "highly accurate low-cost test for BRCA1 mutations" produced for the 
first time by the invention (and certainly not in the earlier cited work of Vijg), the abstract of the 
paper discloses that 

"all 14 mutations (previously identified) were identified, as well as an additional five that 
had previously escaped detection". 

The abstract also discloses that 

"In addition to the 19 mutations, a total of 15 different polymorphic variants were scored, 
most of which were recurring." 



It is submitted that none of these new and highly important results was either "obvious", 
or taught or even hinted at in any possible combination of the cited references, such that 
withdrawal of the 35 U.S.C. 103 (a) ground of rejection is appropriate and is accordingly 
respectfully requested. 

Newly added dependent claims 12-14 depend from claim 10 more limitedly specifying 
clamping details and are thus also allowable. 

Any costs incurred by this filing, including time extension fees in the parent application, 
petition for which extensions is hereby made, may be charged to deposit account number 18- 
1425 of the undersigned counsel. 

Respectfully submitted, 
RINES AND RINES 

Date: June if. 2002 

Rines and Rines Robert H. Rines, 

8 1 North State Street Attorney for Applicant 

Concord, N.H. 03301 Reg. No. 15932 

Reg. No. 15,932 
Tel. (603) 228-0121 
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Abstract 

The hereditary breast and ovarian cancer 
syndrome is associated with a high fre- 
quency of BRCA1 mutations. However, the 
widespread use oiBRCAl testing has been 
limited to date by three principal con- 
cerns: the fear of loss of health and life 
insurance, the uncertain clinical value of a 
positive test result, and the current lack of 
an inexpensive and sensitive screening test 
for BRCA1 mutations. We have developed 
an inexpensive system for gene mutational 
scanning, based on a combination of 
extensive multiplex PCR amplification 
and two dimensional electrophoresis. The 
efficiency of this system, as a screening 
test for BRCA1 mutations, was evaluated 
in a panel of 60 samples from high risk 
women, 14 of which contained a previously 
identified mutation in BRCA1. All 14 
mutations were identified, as well as an 
additional five that had previously escaped 
detection. In addition to the 19 mutations, 
a total of 15 different polymorphic variants 
were scored, most of which were recur- 
ring. All were confirmed by nucleotide 
sequencing. The cost of screening per 
sample was calculated to be approximately 
US$70 for the manual technique used in 
this study, and may be reduced to approxi- 
mately US$10 with the introduction of 
commercially available PCR robotics and 
fluorescent imaging. Implementation of 
this method of mutation screening in the 
research and clinical setting should permit 
rapid accrual of quantitative data on 
genotype-phenotype associations for the 
evaluation of diagnostic testing. 
(J Med Genet 1999;36:747-753) 

Keywords: genetic testing; two dimensional gene 
scanning (TDGS) 



cancer are believed to carry a BRCA1 or 
BRCA2 mutation. 6 In addition, other genes 
may play a role as risk modifiers. 7 

Comprehensive evaluation of breast cancer 
genes could be used to provide women with 
information concerning the risk of developing 
cancer. Much recent work has been directed 
towards screening women from breast cancer 
families and other high risk populations to esti- 
mate the contribution oiBRCAl mutations to 
the overall incidence of breast and ovarian can- 
cers. On the basis of the results of these studies, 
attempts have been made to estimate the 
predictive value of a BRCA1 mutation, that is, 
whether different mutations have a different 
risk. 8 Information is now emerging that know- 
ledge of BRCA1 status is useful in preventive 
strategies. For example, oral contraceptive use 
reduces the risk of ovarian cancer by 50% in 
BRCA1 carriers. 9 

One of the central themes in cancer risk 
assessment is the efficiency and accuracy of 
genetic screening methods. Currently, the abil- 
ity to conduct large scale, population based 
studies is constrained by the lack of an accurate 
and inexpensive method for mutation detec- 
tion. Nucleotide sequence based screening, 
which is currently accepted as the gold 
standard, is offered at US$2400 for screening 
both BRCA1 and BRCA2 by Myriad Genetics 
(Salt Lake City, UT). 

Here, we report on the evaluation of a prac- 
tical test for BRCA1 mutation detection, which 
is based on a combination of extensive 
multiplex PCR amplification, followed by two 
dimensional electrophoresis (TDGS, two di- 
mensional gene scanning). 10 11 The results of 
this study indicate a sensitivity for detecting 
mutations equal to that of sequencing, but at a 
much lower cost. 



Breast cancer is a common disease with a life 
time risk in women of 10%. The risk increases 
substantially when one or more close relatives 
are affected. The first breast cancer susceptibil- 
ity gene, BRCA1, was cloned in 1994. 1 To date, 
well over 300 distinct "high penetrance" muta- 
tions in this gene have been described by the 
Breast Cancer Information Core. 2 These con- 
fer a breast cancer risk of up to 90% by the age 
of 70. 3 A second gene involved in hereditary 
breast cancer syndrome, BRCA2, was identi- 
fied several months later, 4 and at least one more 
gene remains to be found. 5 Over 80% of fami- 
lies with two or more cases of premenopausal 
breast cancer and two or more cases of ovarian 



Methods 

DNA SAMPLES 

DNA samples from patients with known muta- 
tions in BRCA1 were obtained from 60 patients 
with cancer and unaffected subjects. Mutations 
had originally been detected for 14 patients by 
sequence analysis of selected exons (exons 2 
and 20) and by the protein truncation test of 
exon 11. No previous knowledge of mutation 
status of the panel was known when TDGS was 
applied. 

PCR AMPLIFICATION 

Multiplex PCR amplification was carried out 
in two steps. A 7-plex long distance PCR 
preamplification from genomic DNA provided 
the template for the amplification of the 37 





DGGE optimised target fragments in four 
multiplex groups (fig 1). Primers for long and 
short PCR were obtained from Genosys 
(primer sequences not shown because of lack 
of space but will be made available upon 
request). Long distance PCR reactions were 
performed as a 7-plex PCR, using 100 ng of 
total genomic DNA, 2.5 mmol/1 MgCl 2 , 400 
umol/1 of each dNTP 3 and 2.5 units of LA 
enzyme (LA PCR kit II, Takara) in a total vol- 
ume of 25 Ml in LA buffer. Primer concentra- 
tions were 0.125 Mmol/1 (exons 10-11, 12-13, 
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18-20), 0.25 Mmol/1 (exons 14-17, 21-24), and 
0.5 Mmol/1 (exons 1-3, 5-9). Amplification was 
carried out in a PTC-100 thermocycler (MJ 
Research) for 60 seconds at 94°C, after which 
the enzyme was added, followed by 32 cycles at 
94°C for 15 seconds, 63°C for 60 seconds, 
68°C for 12 minutes, and a final extension at 
68°C for 12 minutes. 

Multiplex short PCR was performed in four 
multiplex groups. Each group required 0.5 ul of 
long distance PCR products, 3 mmol/1 MgCl^ 
250 Mmol/1 of each dNTP, and 5 units of 



7-plex long-distance PCR from 
total genomic DNA 
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Multiplex short PCR in 4 multiplex groups: 

Group I : exons 2, 3, 5, 9. 11.1. 11.5, 11.9, 11.13. 12. 13 
Group II : exons 6, 11.2, 11.6, 11.10. 11.14, 14, 15, 16, 17 
Group III : exons 7, 10, 11.3, 11.7, 11.11. 11.15. 18 19 20 
Group IV : exons 8, 11.4, 11.8. 11.12. 11.16. 21. 22, 23, 24 
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amplify Gold Taq polymerase (Perkin Elmer) 
in a total volume of 25 ul in amplirag Gold PCR 
buffer. Primer concentrations were 0.125 
umol/1 (exon 11.1), 0.25 umol/1 (exons 9, 11.2, 
11.5,11.6,11.7,11.8,11.12,11.15,12,13,17, 

18, 19, 21, 22, and 23), 0.375 umol/1 (exons 
11.3, 11. 9), 0.5 umol/1 (exons 3, 6,8, 10, 11.14, 
14, 16, and 24), 0.75 umol/1 (exons 2, 5, 7, 
11.4, 11.10, 11.13, 15, and 20), 0.875 umol/1 
(11.11), and 1.25 umol/1 (exon 11.16). Ampli- 
fication was carried out in a PTC- 100 thermo- 
cycler (MJ Research) at 95°C for 12 minutes, 
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followed by 10 cycles at 94°C for 40 seconds, 
43°C for one minute minus 0.5°C per cycle, 
72°C for one minute 30 seconds, 20 cycles at 
94°C for 40 seconds, 40°C for one minute, 
72°C for one minute 30 seconds with an 
increase of one second per cycle, and one cycle 
at 72°C for 10 minutes. Subsequently, PCR 
fragments were subjected to one round of 
complete denaturation and renaturation, that 
is, 98°C for 10 minutes, 55°C for 30 minutes, 
and 37°C for 30 minutes, to create heterodu- 
plex molecules. 

TWO DIMENSIONAL ELECTROPHORESIS 

Five ul of each multiplex group were combined 
and mixed with loading buffer (0.25% xylene 
cyanol, 0.25% bromophenol blue, 15% ficoll, . 
and 100 mmol/1 Na 2 EDTA). The mixture was 
directly loaded onto the top gel of an automatic 
2D electrophoresis apparatus (CBS Scientific 
Co, Solana Beach, CA) 12 , containing 10% 
polyacrylamide (acrylamide:bisacrylamide 
37.5:1) and electrophoresed for four hours at 
200 V in 1 x TAE buffer at room temperature. 
Subsequently, fragments were further sepa- 
rated in the denaturing gradient part of the gel. 
The gradient used was 22-65% UF (100 UF=7 
mol/1 urea and 40% formamide) in 10% poly- 
acrylamide and electrophoresis was for 16 
hours at 100 V in 1 x TAE buffer at 60°C. The 
gel was stained with a mixture of SYBR green I 
and II (Molecular Probes) and photographed 
under UV light using the Imager gel documen- 
tation system (Appligene). 

NUCLEOTIDE SEQUENCING 

Single fragments were amplified by PCR by 
using the same primers as used for TDGS, but 
without the GC clamps and with the exclusion 
of the heteroduplexing cycle. Twenty ul of PCR 
product were run on a 2% low melting agarose 
gel and DNA was purified from the excised 
bands using the SurePure DNA extraction kit 
(Embi Tec, San Diego, CA). DNA concentra- 
tions were estimated by UV spectrophotometry 
and by comparison to a size marker in an agar- 
ose gel. Sequence reactions contained 90 ng of 
template, 2 pmol of primer, and 8 ul of Termi- 
nator Ready Reaction Mix (Perkin Elmer). 
Cycling was carried out in a PTC-100 thermo- 
cycler for 25 cycles: 96°C for 10 seconds/ 50°C 
for five seconds/60°C for four minutes. Se- 
quencing products were ethanol precipitated 
and run in an ABI Prism 310 Genetic Analyzer 
(Perkin Elmer). Sequencing results were com- 
pared to the published sequence of Smith et 



al. 



13 



Figure 2 Empirical BRCA1 -TDGS pattern of a . control sample^ cont % n ™Z, fthpPCR 
Zlvmorfihisms in exons 3 and 20. Because of the heterodupkx step at the end of the PCR 
^ct^JZygous variants are shown by the ™^J&J^^ ^ 
spot: one homoduplex wild type (WT), one homoduplex mutant WW,^ ™ 
hJterodu&lex molecules CHE), each comprising one wild type and one mutant strand. I tie 
£SKS rnoUcuks will melt earlier than the two homoduplex molecules (note 
the non-separated heteroduplexes in the exon 20 polymorphism) . 



Results . 

Two dimensional gene scanning (TDGS) is 
based on a combination of extensive multiplex 
PCR and two dimensional electrophoresis. The 
latter comprises a size separation step followed 
by denaturing gradient gel electrophoresis 
(DGGE), and allows single base changes to be 
distinguished among multiple DNA fragments 
in parallel. 10 11 PCR amplification of the target 
sequences is carried out in two steps. First, all 
coding exons are amplified from genomic 
DNA by multiplex long distance PCR. Then, 
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MUTATIONS 
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Figure 3 Examples of heterozygous polymorphisms and mutations in BRCA1 as detected by TDGS. The top panels 
represent different frequently observed polymorphisms in exons 8, 11.2, 11.6, 11.7, 11.8, and 11. 9 and the bottom panels 
represent different mutations in exons 7, 19, and 23 (tables 1 and 2). 



the mixture of long fragments is used as the 
enriched template for the multiplex amplifica- 
tion of the relatively short (150 to 500 bp) 
DGGE optimised target fragments. 14 PCR 
amplification of the BRCA1 gene required a 
multiplex of seven long fragments serving as 
template for a total of 37 short PCR fragments. 
These fragments covered all coding exons of 
the gene (the non-coding exons la, lb, and the 
non-coding part of exon 24 were excluded), 16 
overlapping fragments were needed to cover 
the large exon 11 (fig 1). Two dimensional 
separation of the mixture of all BRCA1 
fragments simultaneously in a DGGE gel 
allowed detection of all mutational variants (fig 
2), Heterozygous mutations or polymorphisms 
are detectable as four spots rather than one 
spot, representing the two homoduplex and the 
two heteroduplex variants. In some cases, the 
two heteroduplex variants are not well sepa- 
rated, resulting in the appearance of three 
instead of four spots. Examples of heterozygous 
mutations and polymorphisms are shown in fig 
3. 

To evaluate the sensitivity and specificity of 
this test, a panel of 60 DNA samples, 
previously screened for mutations in BRCA1 
using the protein truncation test, alone or in 
combination with partial nucleotide sequenc- 
ing, was rescreened by TDGS (table 1). In 14 
of these samples a BRCA1 mutation had been 
identified. Twenty-seven samples were from 
family members of the mutation positive cases, 
but sequencing had found them to be non- 
carriers. A total of 19 samples were from famil- 
ial cancer patients that had previously tested 
negative for exon 1 1 with the protein trunca- 
tion test. Of the 14 previously identified muta- 
tions, 11 were in exon 11, and one mutation 
each was in exons 2, 8, and 20. All mutations 



but one were predicted to lead to a truncated 
protein. Included were seven deletions of one 
to 40 nucleotides, four insertions of one nucle- 
otide, and three base substitutions. TDGS was 
applied to the panel in a blinded fashion and all 
variants were detected (detection rate of 100%, 
table 1). No false negatives were found. 

Among the 19 samples previously tested 
negative for exon 1 1 and rescreened by TDGS, 
none contained a truncating mutation in exon 
1 1, which was expected. However, five variants 
were identified by TDGS. One of these was an 
unclassified variant in exon 11, but this was a 
single T to G nucleotide substitution, which 
leads to a Asn to Lys amino acid substitution. 
Two additional unclassified variants were 
detected. The first was a T to C at position 
172, which leads to a Met to Thr substitution 
in exon 2. The second was a G to C in intron 
18, which may influence splicing. Two patho- 
genic mutations were detected. The first was a 
G to T at nucleotide 546 in exon 7, which leads 
to a premature stop codon. The second was a 
single base pair substitution in intron 5, which 
leads to aberrant splicing and premature chain 
termination. These mutations have been de- 
scribed previously. 2 15 

In addition to the mutations and variants 
described above, a number of polymorphic 
variants were detected in the 60 samples. Many 
of these were identical, as indicated by their 
characteristic spot configurations. This was 
confirmed by individual analysis of each 
variant by ID DGGE (results not shown). On 
the basis of different spot configurations, a total 
of 18 TDGS variants in 12 TDGS fragments 
were distinguished and confirmed by direct 
nucleotide sequencing (table 2). None of the 
variations was false positive. Comparison to the 
BRCA1 sequence 13 showed that these 18 
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Table 1 Mutational analysis of the BRCA1 gene in 60 subjects by TDGS and sequence analysis 
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8 
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12 
13 
14 
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22 
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26 
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28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
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41 
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11 
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11 
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Intron 5 



11.14/11.15 
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19 



11 
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del40, 1294 
T->G, 3053 



insT, 3769 
insA,1559 
delC, 633 



G->T, 3867 

C->T, 1806 
insT, 3879 



1 1 .6M 1 .7M 1 .8 h , 11.9,11.11-, 11.13, 11.14, 13,16" 

11.6M1.7N 11.8', 11.9,11.11', 11.13, 11.14, 13, 16" 

11.6M1.7M1.8', 11.9, 11. ir, 11.13, 11.14, 13, 16' 
11.6% 11.7", 11.8', 11.9, 11. 11', 11.13, 11.14, 13, 16' 

11.6', 11.7', 11.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 
11.6', 11.7', 11.8', 11.9, 11.11', 11.13, 13, 16' 
g 

11.6 b , 11.7', 11.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 
8, 11.6', 11.7', 11-8*, 11.9, 11.11", 11.13, 11.14, 13, 16' 
11.6 b , 11.7', 11.8', 11.9, 11. 11', 11.13, 11.14, 13, 16' 
8, 11.6M1.7M1.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 
g 

11 6 b , 117', 11.8', 11.9,11.11', 11.13, 11.14, 13, 16' 
11.6*, 11.7', 11.8', 11.9, 11.11*, 11.13, 11.14, 13, 16' 
8, 11.2 

11>, 11.7', 11.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 
11.6M1.7M1.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 
8, 11.6', 11.7', 11.8', 11.9, 11.11", 11.13, 11.14, 13, 16' 
8, 11.9 



11.6', 11.7', 11.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 



delAA, 2800 
delAG, 1479 

delG/5^2072 11.7', 11.8', 11.9, 11.11', 11.13, 11.14, 13, 16' 

11 6', 11.7', 11.8', 11.9, 11. il',11. 13, 11.14, 13, 16', 23 
H.6',11.7', 11.8', 11.9, 11.11*, 11.13, 11.14, 13, 16' 
8 

8, 11.11" 

8, 11.6', 11.7', 11.8, 11.9, 11. 11', 11.13, 11.14, 13, 16' 
T^G,IVS5-11 8^ 116 , ll7 . 118 . jlli9|lul . |ll . 13 ,iU4 ) 13, 16' 



G->T, 546 



T->G, 3827 
T-»C, 172 



Intron 18 G-*C,1VS18-1 



8 112 

11.6M 1.7', 11.8", 11.9, 11. 11*, 1 1.13, 11.14, 13, 16' 

11.6', 11.7', 11.8% 11.9, 1 1.11', 11.13, 11.14, 13, 16" 

1L6M1.7', 11.8', 11.9, 11. 11', 11.13, 13, 16' 
11. 6 C 

8, 11.6', 11.7', 11.8', 11.9, 11.11', 11.13, 11.14, 13, 16* 
8,11.2 

I) 1 1 .2, 1 1 .6', 1 1 .7',1 1 .8', 1 1 .9, 1 1 . 1 1 ', 1 1 .1 3, 11 . 1 4, 
13, 16' 



*Br = breast, Ov = ovarian, Tong = tongue, Mel = malignant melanoma, Endo = endometrial, Cx - cervix. 
fSequencc analysis is depicted in table 2. 
~Sce table 2. 



different spot configurations comprised 15 dif- 
ferent sequence variants (table 2). 

Of the 15 variants confirmed by sequence 
analysis, 10 were known polymorphisms, three 
were unclassified variants, and two were novel 
variants not found in the BIC database (table 
2). Two of the three unclassified variants 
occurred in subjects in whom a mutation in the 
gene had also been identified (samples 6 and 8, 
tables 1 and 2). The third unclassified variant 
was found in a patient with ovarian cancer for 
whom no BRCA 1 mutation had been identified 
(sample 39 in table 1). One of the two novel 
variants (seen in one of 60 subjects), an A to T 
transversion at position 3107 resulting in a Lys 
to Asn amino acid change, was found in the 



same fragment (fragment 11.11), which al- 
ready contained an unclassified variant. Nei- 
ther nucleotide sequencing nor PTT had 
previously detected this variant in this patient 
with ovarian cancer (sample 39, tables 1 and 
2). The second novel variant was also found in 
only one subject, in exon 23 (sample 36). 
Interestingly, this IVS23+48G/A occurred in a 
patient with breast cancer in which no other 
BRCA1 mutation could be detected. 

As mentioned above, the characteristic spot 
configuration of recurrent mutations and poly- 
morphisms allows their identification once they 
have been sequenced. Fig 4 shows three differ- 
ent spot configurations for fragment 11.6 with 
some of the surrounding fragments as refer- 
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Table 2 



Sequence analysis of polymorphic variants in BRCA1 detected in the panel of 60 subjects 







Nucleotide 


Nucleotide 


Exon 


TDGS fragynent 


position* 


change 


8 


8 


IVS7-34 


L.— f I 


11 


11.2 


1 loo+ 


t\ »VJr 


11.6* 


Ton i 4- 

221)1 + 






11. CP 


219o$ 


VJ — 7£\ 




ion i + 
2ZU 1 + 






11. 6 e 


2196* 


G->A 




11.7*= 11.8" 


2430* 


T-»C 




11.7 b = 11.8 b 


2434 


T->C 




11.9 


2731* 


C->T 




11.11* 


3232 


A-»G 




ll.ll b 


3107 


A->T 




3238$ 


G->A 




11.13= 11.14 


3667$ 


A->G 


13 


13 


4427* 


T~>C 


16 


16' 


4956* 


A->G 


16 b 


5075 


G-»A 


23 


23 


IVS23+48 


G->A 



Type of variant Codon 



Amino acid 
change 



Transition 

Transition 

Transition 

Transition 

Transition 

Transition 

Transition 

Transition 

Transition 

Transition 

Transversion 

Transition 

Transition 

Transition 

Transition 

Transition 

Transition 



356 
694 
693 
694 
693 
771 
772 
871 
1038 
996 
1040 
1183 
1436 
1613 
1652 



Gln-»Arg 

Ser-»Ser 

Asp-»Asn 

Ser->Scr 

Asp-»Asn 

Leu -> Leu 

Val-*Ala 

Pro— > Leu 

Glu->Gly 

Lys-»Asn 

Scr— >Asn 

Lys->Arg 

Scr->Scr 

Scr->Gly 

Met->Ile 



Type of polymorphismf 

Polymorphism 

Polymorphism 

Polymorphism 

Polymorphism 

Polymorphism 

Polymorphism 

Polymorphism 

Unclassified variant 

Polymorphism 

Polymorphism 

Not reported 

Unclassified variant 

Polymorphism 

Polymorphism 

Polymorphism 

Unclassified variant 

Not reported 



♦Nucleotide numbering starts at the first transcribed base according to GcnBank entry U 14680. 

-{•Named according to B1C as of 10.2.99. 

JCommon polymorphisms defining haplo types (see also table 3). 



Exon 11, Fragment 6 



is-' ■ «Vii 





(a) 

2196G + A 
2201 T 



(d) 
2196 G 
2201 C 



(e) 
2196 G 
2201 T 



(b) (c) 
2196 G 2196G+A 
2201 C + T 2201 C + T 

Figure 4 Examples of the effect of different variations in the same TDGS fragment. Panels a-c show three different 
pZnsof^ZlygoZty in fragment 11.6, whereas panels d and e each show a different pattern of homozygosity. 

ence points. Each of these three configurations 
represents a frequently observed heterozygous 
variant associated with a specific polymor- 
phism. Sequence analysis indicated that two 
positions in this fragment, 2196 and 2201, are 
polymorphic. The fragment in fig 4a is hetero- 
zygous at position 2196 (G + A) and 
homozygous at position 2201 (T), the frag- 
ment in fig 4b is homozygous at position 2196 
(G) and heterozygous at position 2201 (C + 
T), and the fragment in fig 4c is heterozygous 
at both positions. So far, for fragment 11.6, a 
total of three alleles were identified, that is, 
wtl-3 (fig 4a-c). 

The corresponding homozygous situations 
were more difficult to recognise from the 2D 
pattern solely by eye. The use of the surround- 
ing spots as markers was complicated by the 
frequent occurrence of variations in these frag- 
ments as well (see, for example, the variation in 
fragments 11.7 and 11.8 in fig 4b and c). 
Nevertheless, the fragment 11.6 homozygous 
spots in fig 4d and e could be identified as alle- 



les wt3 and wt2 respectively, which was 
confirmed by a subsequent ID DGGE experi- 
ment (results not shown). 

A recurrent pattern of identical spot configu- 
rations, which occurred in exon 8, seven of the 
fragments of exon 11, exon 13, and exon 16, 
was also noted. These variants represented 
polymorphisms that could be arranged into 
haplotypes (table 3). One of the benefits of 
parallel screening by TDGS is that each 
pattern shows all heterozygous variants in the 
entire gene. 



Table 3 Polymorphisms defining haplotypes 



Type 


Exon 11 












Exon 13 


Exon 16 




2196 


2201 


2430 


2731 


3232 


3667 


4427 


4956 


%* 


A 


G 


C 


T 


C 


A 


A 


T 


A 


63 


B 


G 


T 


C 


T 


G 


G 


C 


G 


28 


C 


A 


T 


C 


T 


G 


G 


C 


G 


7 


D 


G 


C 


T 


T 


A 


A 


T 


A 


2 



♦Occurrence in 126 chromosomes. 



Discussion 

This study shows that BRCA1 mutation screen- 
ing by TDGS is an accurate method of 
mutation detection. Previous evaluations of 
TDGS tests for other large human disease 
genes support the claim that DGGE based tests 
are as accurate as nucleotide sequencing. 16 " 18 It 
may be that heterozygous mutations are even 
easier to detect on the basis of the DGGE prin- 
ciple (that is, three or four spots rather than 
one) than by sequencing (that is, two overlap- 
ping peaks). TDGS shows all heterozygous 
variations in the entire gene, as illustrated by the 
high number of variants detected. A total of 34 
mutations and variants were observed in a 
population of 60 subjects. This technique will 
enable epidemiologists to record all variations 
within the gene for the establishment of 
genotype-phenotype correlations. 



A highly accurate, low cost test for BRC^mutations 




In TDGS, recurrent polymorphisms can be 
recognised based on their unique spot distribu- 
tion pattern, but new variants must be 
sequenced to determine the exact nature of the 
observed variation. Theoretically, 300 single 
base substitutions are possible along a 100 base 
pair DNA fragment. However, so far, an 
average of only 14 variations has been observed 
per BRCA /-TDGS fragment (information 
derived from the BIC). Thus, the possibility 
that a mutation in a given fragment will show 
the exact same spot configuration as a known 
polymorphism is small. However, it has be- 
come clear that for a gene containing many 
polymorphic sites, unequivocal identification 
of homozygously occurring alleles is only 
possible by careful examination of the variant 
in the context of the surrounding spots, which 
can also represent polymorphic fragments. 
Increased standardisation and the application 
of automated image analysis systems contain- 
ing information on the spot positions of all 
known variations should greatly facilitate spot 
identification for this purpose. 

During the course of this study, attention 
was given to the actual costs of the test. It has 
previously been shown that the maximum 
throughput of TDGS for a typical large disease 
gene, for example, the retinoblastoma suscepti- 
bility gene RBI, is 60 tests per technician per 
week using manual procedures. 19 The costs for 
BRCA1 are higher, because of the need for four 
instead of only one multiplex groups, and was 
calculated to be about US$70 per test. The 
most prominent cost components in the 
manual procedure involve labour and PCR 
enzymes. The costs of PCR primers were low 
since these were based on the total number of 
reactions possible with the lowest volume that 
could be ordered. It should be noted that had 
each fragment been separately amplified rather 
than coamplified the costs associated with 
enzymes and labour would have been signifi- 
cantly higher. 

The costs of the assay can be dramatically 
reduced by automation. PCR robotics reduces 
both labour and reagent costs (smaller PCR 
volumes), while fluorescent imaging using dye 
labelled primers obviates the need to stain the 
gels. The costs per sample are then mainly 
determined by the primers that have to be 
labelled with a fluorophore, while labour and 
enzyme costs become vanishingly small. Ac- 
cording to our calculations, these proposed 
automation steps will drive the costs down to 
about US$10 per test, which is approximately 
one to two orders of magnitude lower than 
current sequencing protocols. 19 This antici- 
pated increase in cost-efficiency is based solely 
on commercially available instrumentation and 
not on technological improvement. 

The TDGS test is ideal for large studies to 
establish the potential value of screening for 
mutations in BRCA1 as an aid to breast cancer 
management. However, the hereditary breast 
cancer syndrome is genetically heterogeneous 
and other susceptibility genes have been 
identified, including BRCA2, TP53, PTEN 3 
and, arguably, ATM. 20 ' 24 In order to use genetic 
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screening as an aid for risk assessment of breast 
cancer, a battery of genetic tests should be 
applied. TDGS is flexible since its design per- 
mits the rapid expansion of a test to include 
additional genes. TDGS tests, which screen 
multiple genes in a single assay, can and have 
been developed. 10 



Wc are grateful to Shu-Hua Xu, David Rincs, Staccy Caron, and 
Sean McGrath for their technical assistance. This research was 
supported by the Massachusetts Department of Public Health 
(3408799DO47), the Harvard Nathan Shock Center of Excel- 
lence in the Basic Biology of Aging (IP30AG 133 14-01), the 
Molecular Biological Applications Program of the Academy of 
Applied Science, and the Women's Cancer Program, Dana- 
Farber Partners Cancer Center. CE is the Lawrence and Susan 
Marx Investigator in Human Cancer Genetics. 

1 Miki Y, Swensen J, Shattuck-Eidens D, et al. A strong candi- 

date for the breast and ovarian cancer susceptibility gene 
BRCA1. Science 1994;266:66-71. 

2 Breast Cancer Information Core Electronic Database. 

http ://www. nhgri.nih.gov/Intramural_research/ 
Lab_transfer/Bic 

3 Ford D, Easton DF, Bishop DT, Narod SA, Goldgar DE. 

Risks of cancer in BRCA 1 -mutation carriers. Lancet 1994; 
343:692-5. ^ . 

4 Wooster R, Bignell G, Lancaster J, et al Idennficaoon of the 

breast cancer susceptibility BRCA2. Nature 1995;378:789- 
92. 

5 Ford D, Easton DF, Stratton M, et al and the Breast Cancer 

Linkage Consortium. Genetic heterogeneity and pen- 
etrance analysis of the BRCA1 and BRCA2 genes in breast 
cancer families. The Breast Cancer Linkage Consortium. 
Am J Hum Genet 1998;62:676-89. 

6 Narod SA, Ford D, Dcvilee P, et al An evaluation of genetic 

heterogeneity in 145 breast-ovarian cancer families. Breast 
Cancer Linkage Consortium. Am J Hum Genet 1995;56: 
254-64. 

7 Friend SH. Breast cancer susceptibility testing: rcahncs in 

the post-genomic era. Nat Genet 1996;13:16-17. 

8 Gayther SA, Warren W, Mazoycr S, et al. Gcrmline 

mutations of the BRCA1 gene in breast and ovarian cancer 
families provide evidence for a genotype-phenotypc corre- 
lation. Nat Genet 1995;11:428-33. 

9 Narod SA, Risch H, Moslehi R, et al Oral contraceptive use 

and the risk of hereditary ovarian cancer. N Engl J Med 
1998;339:424-8. 

10 van Orsouw NJ, Vijg J. Design and application of 2-D 

DGGE-based gene mutational scanning tests. Genet Anal 
1999;14/5-6:205-13. 

1 1 van Orsouw NJ, Dhanda RK, Rines DR, et al Rapid design 

of denaturing gradient-based two-dimensional clcctro- 
phoretic gene mutational scanning tests. Nucleic Acids Res 
1998;10:2398-406. . t 

1 2 Dhanda RK, Smith WM, Scott CB, Eng C, Vijg J. A simple 

system for automated two-dimensional electrophoresis: 
applications to genetic testing. Genet Test 1998;2:67-70. 

1 3 Smith TM, Lee MK, Szabo CI, et al. Complete genomic 

sequence and analysis of 1 17 kb of human DNA containing 
the gene BRCA1. Genome Res 1996;6:1029-49. 

14 Li D, Vijg J. Multiplex co-amplification of 24 retinoblastoma 

gene exons after prc-amplification by long-distance PCR. 
Nucleic Acids Res 1996;24:538-9. 

15 Friedman LS, Ostermeyer EA, Szabo CI, et al Confirma- 

tion of BRCA 1 by analysis of germlinc mutations linked to 
breast and ovarian cancer in ten families. Nat Genet 1994; 
8:399-404. . , 

16 van Orsouw NJ, Li D, van der Vlies P, et al. Mutational 

scanning of large genes by extensive PCR multiplexing and 
two-dimensional electrophoresis: application to the RBI 
gene. Hum Mol Genet 1996;5:755-61. 

17 Rines RD, van Orsouw NJ, Sigalas 1, Li FP, Eng C, Vijg J. 

Comprehensive mutational scanning of the p53 coding 
region by two-dimensional gene scanning. Carcinogenesis 
1998;19:979-84. 

18 Smith WM, van Orsouw NJ, Fox EA, Kolodner RD, Vijg J, 

Eng C. Accurate, high-throughput "snapshot" detection of 
hMLHl mutations by two-dimensional DNA electro- 
phoresis. Genet Test 1998;2:43-53. 

19 Dhanda RK, van Orsouw NJ, Sigalas I, Eng C, Vijg J. Critical 

factors in the performance and cost of two-dimensional gene 
scanning: RBI as a model. Biotechniques 1998;25:664-75. 

20 Li FP, Fraumcni JF Jr, Mulvihill JJ, et al. A cancer family 

syndrome in twenty-four kindreds. Cancer Res 1988;48: 
5358-62. . , M 

21 Sidransky D, Tokino T, Helzlsoucr K, et al. Inherited p53 

gene mutations in breast cancer. Cancer Res 1992;52:2984-6. 

22 Nelcn MR, Padberg GW, Pecters EAJ, et al Localization of 

the gene for Cowden disease to chromosome 10q22-23. 
Nat Genet 1996;13:114-16. 

23 Liaw D, Marsh DJ, Li J, et al. Germlinc mutations of 

the PTEN gene in Cowden disease, an inherited 
breast and thyroid cancer syndrome. Nat Genet 1997;16: 
64-7. 

24 FitzGcrald MG, Bean JM, Hegde SR, et al. Heterozygous 

ATM mutations do not contribute to early onset of breast 
cancer. Nat Genet 1997;15:307-10. 



